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Cloud  Particle  Concentrations 


,0  ABSTRACT  fCaniNw*  an  raaaaaa  al#a  If  naeaaaarT  an*  IRmtffy  *r  »!••»  waMi) 

Reasons  for  instrumento!  errors  In  cloud  particle  spectra  measurements  wcie 
investigated.  Calibrations  and  tests  on  four  probes  manufactured  by  Particle 
Measuring  Systems,  Inc.  (PMS)  were  conducted  In  tbe  laboratory  and  in  a  wind 
tunnel  at  the  University  of  Wyoming's  Elk  Mountain  Observatory. 

2 

Bench  determinations  of  the  sample  area  of  the  ASSP  found  It  to  be  0.. IS  mm  com¬ 
pared  with  PMS's  value  of  0.32  mm,  and  the  velocity  reject  precentage  was 
found  to  be  f>&%  compared  to  621.  Strong  correlations  were  found  between  ASSP 
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and  FSSP  measurements!  however,  there  wet  a  factor  of  three  difference 
between  the  FSSP  and  ASSP  droplet  concentrations  which  may  have  been 
due  to  a  malfunction  of  the  FSSP.  Comparisons  of  ASSP  and  soot  Impac¬ 
tion  slide  data  showed  good  agreement  for  measured  droplet  size,  but  a 
sampl tng  problem  with  the  cloud  gun  may  have  resulted  In  excessively 
high  concentrations. 

The  2D-C  probe  response  was  found  to  be  In  close  agreement  with  PHS  specif 
cations  for  particles  >  100  pm.  For  the  lower  size  channels  the  counting 
efficiencies  were  determined  to  be  higher  than  indicated  by  PHS  but  these 
results  could  also  have  resulted  from  the  missizing  of  larger  particles. 

The  1D-C  probe  undercounted  particles  in  the  lower  channels  (£  140  pm) 
due  to  the  reduced  depths  of  field  for  these  channels.  Revised  depths 
of  field  ranged  from  3 • 23  pm  for  the  first  channel  (compared  to  1.45 
given  by  PHS)  to  92.72  mm  f Or  the  eighth  channel;,  (compared  to  61.00  mm), 
with  decreasing  values  for  higher  channels.  The  measured  diameters  of 
particles  increased  as  the  particles  were  detected  further  from  the  focal 
plane  of  the  laser  beam.  This  resulted  in  slight  overstzlng  of  the 
particles  by  about  25t  near  100  pm  and  decreasing  to  <  10  %  near  250  pm. 

The  FSSP  and  ASSP  probes  responded  to  ice  particles  with  a  nearly  uniform 
distribution  of  counts  in  all  channels.  These  counts  yielded  concentra¬ 
tions  of  Ice  particles  2  1/2  -  3  1/2  orders  of  magnitude  higher  than  those 
actually  present. 

Suggestions  for  further  investigation  into  cloud  particle  spectra  measur- 
ments  are  listed  at  the  end  of  the  report. 
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1 .  Introduction 

-4 The  work  to  be  reported  here^addressed  the  following  objectives:  (as 
detailed  in  the  Technical  Proposal): 

1 .  ^"Compare  bench  determinat ions  of  ASS P  and  FSSP  sample  areas  with 
determinations  during  actual  cloud  sampling-. 

2.  Evaluate  the  accuracy  of  the  overlap  in  size  range  between  FSSP 
and  ID-C  probesj 

3.  -’Evaluate  the  response  of  the  ASSP  and  FSSP  probes  to  ice  crystals! 

k.  Check  the  statistical  correction  schemes  used  to  deal  with  T D-C 

counts  in  the  lowest  and  highest  size  categories. 

The  information  needed  to  accomplish  these  objectives  was  collected 
by  performing  special  tests  with  the  probes  in  question.  These  tests 
were  conducted, for  the  most  part,  at  the  Elk  Mountain  Laboratory,  during 
times  when  the  Observatory  was  enveloped  by  clouds.  Bench  and  wind- 
tunnel  tests  were  utilized.  In  addition,  data  were  derived  from  air¬ 
craft  penetrations  of  clouds,  with  identical  probes  as  those  used  at  the 
Observatory.  C~ 

The  tests  have  yielded  some  important  new  insights  on  the  questions 
formulated  in  the  objectives.  These  results  should  be  helpful  to  inter¬ 
pretations  of  data  collected  by  AFGl  and  other  research  aircraft 
PMS  probes.  However,  as  is  the  nature  of  research,  the  results  also 
revealed  additional  questions  and  yet  unexplainable  features,  so  that  it 
appears  fruitful  to  pursue  the  evaluations  further. 

2.  Instruments  used  in  tests 

a.  Particle  Measuring  Systems  (PMS)  Axially  Scattering  Spectrometer 

Probe  (ASS'pT 

Model:  ASSP  -  100 

History:  This  unit  is  on  loan  to  us  by  the  Bureau  of  Reclamation. 

The  unit  was  refurbished  by  PMS  during  the  summer  of 
1978.  "Strobe1  and  "Activity"  circuitry  was  added  in 
October  1978. 

b.  PMS  Forward  Scattering  Spectrometer  Probe  (FSSP) 

Model:  FSSP-100 

Serial  No:  80-5T-7607- 1 980 

History:  This  unit  was  leased  from  PMS  for  the  duration  of  the 
tests.  The  unit  has  been  used  by  PMS  as  a  reference 
standard. 


c .  PMS  Optic.il  Array  Cloud  Droplet  Spectrometer  Probe  UD-C' 

Model :  CAP  -  200 X 

Serial  No.:  7|S-Ob78-Od 

History:  This  unit  was  leased  from  PMS  for  the  durat ion  ot  the 

tests.  It  had  been  calibrated  at  PMS  to  20  ;.m  channel 
widths  on  7  March  197^. 

d.  PMS  20  Optical  Array  Spectrometer  Probe  f2D-C) 

Model:  0AP  -  20-C 

Serial  No.:  393*0377-01  A 

History:  This  un i t  was  leased  from  PMS  for  the  duration  of  the 

tests . 


3 .  Procedure 

The  majority  of  the  studies  here  reported  were  performed  at  the  Elk 
Mountain  Ohseryatory.  A  slow-speed  (2S  ms  )  wind  tunnel  was  utilized; 
two  probes  at  a  time  could  be  installed  in  the  wind  tunnel.  The  wind 
tunnel  and  the  instrument  platform  on  which  supplementary  measurements . 
wore  taken  are  shown  in  figure  I. 

Data  collection  was  performed  primarily  during  periods  of  time  when 
the  Observatory  was  enveloped  by  clouds.  Additional  data  were  obtained 
bv  generating  large  numbers  of  small  ice  crystals  near  the  entrance  of 
the  wind  tunnel  with  a  spray  of  liquified  propane. 

The  data  processing  and  recording  systems  were  located  inside  the 
Ohsei vatot  y . 

Table  I  summarizes  the  periods  of  field  observat ions. 

4.  Results  and  Discussion 

a.  Sample  area  studies  using  the  ASSP 

With  the  ASSP  mounted  on  the  bench,  t he  electronic  depth  of  field 
was  first  determined  with  the  method  given  by  PMS.  This  procedure  invol¬ 
ved  placing  oscilloscope  probes  on  the  amplifier  outputs  from  the  signal 
and  annulus  photodetectors  before  they  are  capacitivelv  decoupled.  A 
transluscent  material  is  then  passed  f rom  one  extreme  of  the  beam  to 
the  other,  noting  the  two  points  where  the  signal  voltage  crosses  the 
annulus  voltage.  These  two  points  determined  the  actual  depth  of  field 
to  be  4.0-4. 2  an.  By  projecting  the  beam  at  a  right  angle  onto  a  scale, 
the  beam  width  was  determined  to  he  0.1 8  mm.  The  depth  of  field  and  beam 


Wind  tunnel  attached  to  instrument  platform  at  the  Ilk  Mountain 
Observatory.  A$$P.  FSSP,  10-t  and  JP-C  probes  were  installed 
one-fourth  of  the  was  up  from  the  axial  fan  blower  at  the  bottom 
of  the  tunnel. 


TABLE  1  1978-79  SUMMARY 

OF  FIELD  TEST  PERIODS 


DATE  ASSP  FSSP  1D-C  2D-C 


COMMENTS 


12  Mar  79  Installation  of  instruments 


13  Mar  79 

✓ 

Study  of  effect  of  ice  particles 
on  ASSP  spectrum 

16  Mar  79 

✓ 

/ 

r 

Comparison  of  ASSP  -  ID-C  in  over 
lap  region 

12  Mar  79 

/ 

✓ 

Small  ice  particle  studies 

25  Mar  79 

✓ 

/ 

ASSP-FSSP  intercomparison 

✓ 

✓ 

Small  ice  particle  studies 

/ 

V 

/ 

Comparison  of  ASSP-lD-C  in  over¬ 
lap  region 

Glass  bead  calibrations  in  lab 
using  mobile  aperture 

2  Apr  79 

✓ 

Glass  bead  cal ibrat ion  in  lab 
using  mobile  aperture 

/ 

/ 

Small  ice  particle  studies 

✓ 

✓ 

Mobile  aperture  affixed  to  2D-C 

3  Apr  79 

/ 

/ 

Mobile  aperture  affixed  to  2D-C 

✓ 

/ 

Mobile  aperture  affixed  to  ID-C 

r 

/ 

* 

Study  of  effect  of  ice  on  FSSP 
specturm 

/ 

/ 

Small  ice  particle  studies 

A  Apr  79 

✓ 

r 

Comparison  of  ASSP  -  1 D-C  in 
overlap  region 

KEY:  ASSP  - 
FSSP  - 
ID-C  - 
2D-C  - 

PMS 

DMS 

PMS 

PMS 

axially  Scattering  Spectrometer  Probe 

Forward  Scattering  Spectrometer  Probe 

ID  Optical  Array  Spectrometer  Probe 

2D  Optical  Array  Spectrometer  Probe 

A 


diameter  measured  agreed  favorably  with  those  specified  by  PMS  when  we 
received  the  instrument  (4.0  mm  and  0.18  mm,  respectively).  Although 
the  beam  diameter  and  depth  of  field  determine  the  total  sample  area,  the 
effective  sample  area  is  smaller  due  to  the  velocity  rejection  circuitry 
which  is  used  to  minimize  edge  effect  errors.  This  mechanism  gives  an 
effective  sample  area  62%  of  the  total  area  according  to  the  PMS  data. 

The  accuracy  of  this  value  was  tested  while  the  ASSP  was  on  the  bench 
according  to  the  following  procedure. 

An  aluminum  tube,  fitted  with  glass  windows, was  fabricated  to  fit  in 
the  throat  of  the  ASSP.  A  movable  brass  slide  was  inserted  just  far 
enough  to  be  secure  and  yet  not  have  its  flattened  side  in  the  air  stream. 
The  apparatus  is  shown  in  Figure  2.  After  adjusting  the  tube  so  that  the 
laser  beam  of  the  ASSP  passed  cleanly  through  the  windows,  a  vacuum  hose 
was  attached  to  the  tube  and  air  was  drawn  through  at  an  approximate  rate 
of  18.5  ms  .  At  first  200-300  glass  beads,  10-15  um  in  diameter,  were 
passed  through  the  tube  to  establish  a  steady  velocity  average.  The  brass 
slide  was  then  pushed  completely  into  the  calibration  tube  until  snug  and 
400-500  more  beads  were  passed  through  the  tube.  After  totaling  the  counts 
seen  by  the  ASSP,  the  brass  slide  was  removed  and  placed  under  the  micro¬ 
scope  where  the  glass  beads  which  stuck  to  the  silicone  coated  surface 
were  counted  over  a  representative  area.  The  effective  sample  area  was 
determined  from  the  ratio  of  concentrations  and  the  sampling  on  the  slide 
by  the  formula: 

ESA  =  NA*SA/NS 

Where:  ESA  *  Effective  Sampling  Area 

NA  =  Total  counts  seen  by  ASSP 

NS  =  Total  counts  over  slide  area 

SA  *  Slide  Area  over  which  beads  were  counted. 

Using  an  average  over  several  runs,  the  effective  sample  area  was 

found  to  be  within  10%  of  that  determined  by  PMS,  with  our  value  shown  to 

2  2 
be  0.35  mm  while  the  PMS  value  was  stated  to  be  0.32  mm  .  The  velocity 

rejection  percentage  is  thus  higher  (68%)  than  the  original  specifications 

state  (62%) . 

This  calibration  technique  has  been  utilized  on  several  occasions  and 
was  found  to  be  an  effective  method  of  checking  the  sampling  area  of  the 
ASSP  from  time  to  time. 
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b.  ASSP  and  cloud  gun  slide  i  n  t  erconpar  i  son 

A  total  of  63  soot-coated  plastic  slides  (COS)  were-  exposed  !.>> 
droplet  impact  ion  during  the  1978*79  field  season  at  flk  Mountain.  lortx- 
one  of  these  slides  were  compared  with  ASSP  data  recorded  durinu  the 
same  periods  of  time.  The  remainder  of  the  slides  were  eliminated  ho:" 
the  comparisons  due  to  occasional  failure  of  the  cloud  nun  mechanism, 

ASSP  icing  in  the  wind  tunnel,  or  defective  soot  coatings. 

After  sizing  the  craters  in  the  soot  and  deriving  the  correspond ing 
droplet  diameters,  the  data  was  stored  in  the  computer  and  a  number  of 
graphical  analyses  were  conducted.  Figure  3  shows  a  typical  spectral 
comparison  as  measured  by  the  cloud  gun  and  ASSP.  The  first  things  which 
may  be  noted  are  the  differences  in  spectral  width  and  concert  t  ra  t  ions  . 

The  broadening  of  the  spectrum  by  the  ASSP  has  been  also  documented  prev¬ 
iously  (Wa I sh, 1 977) •  The  difference  in  concentrations  does  appear  puz¬ 
zling  in  light  of  aircraft  studies  which  show  that  typically,  for  co-con t  1 
tions  v  500  cm  ,  the  ASSP  tends  to  measure  higher  concent  rat  ions  than 
those  seen  bv  the  cloud  gun.  The  reason  for  this  discrepancy  will  be 
discussed  he  low. 

Figures  4  through  7  show  the  comparisons  between  ASSP  and  CCS  concen- 
t rat  ions,  mean  diameters,  standard  deviations  of  the  mean  diameters 
and  liquid  water  contents.  Figure  8  shows  a  portion  of  an  ASSP  recoid 
averaged  over  10  s  intervals  for  v  3  hours, with  the  corresponding 
CGS  values.  It  is  obvious  from  this  graph  that  the  cloud  parameters  can 
va>>  sharplv  over  relatively  short  periods  of  time.  This  is  not  explained 
bv  d i f ferences  in  sampled  volume  betweei  the  ASSP  and  CGS  (\  10  cm  / -ec  for 
the  continuously  recording  ASSP;  v  12  cm^/sample  at  S  ms  for  the  CCiSl.  The 
difference  in  position  of  the  two  sampling  instruments  mav  account  t o 1  some 
of  the  scatter  (this  will  be  discussed  further  below). 

During  the  field  season,  liquid  water  was  also  being  measured  b\  a 
rotating  riming  rod  whose  mass  accretion  rate  determined  the  liquid  water 
content  of  the  air.  The  sampling  time  of  this  device  was  tvpica'lv  10-18 
min.  As  seen  in  Figure  9  the  relative  variations  for  the  liming  rod  and  t n 
ASSP  appear  to  he  a  good  agreement  hut  the  absolute  values  are  not  exact K 
reconcilable.  These  data  appear  to  reinforce  the  credibility  of  ;  tie  ASSP 
wh  i  I  e  ra i s i ng  some  questions  as  to  the  validity  of  some  of  the  data  00 ;  ns 
determined  by  the  CGS. 
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Figure  8  Variation  with  time  of  ASSP-measured  parameters  from  1230  to  1 S ' 
on  10  Jan  1979.  (a)  Liquid  water  content,  (b)  standard  deviation  of  the 

mean  diameter,  (c)  mean  diameter  and  (d)  droplet  concent  rat  ion .  A  hO  s 
averaging  period  was  used  to  "smooth  out"  the  data.  COS  values  ot  t  lie 
parameters  are  also  indicated  (•) . 
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( inure  9  Variation  with  time  of  liquid  watet  content  measutod  hy  tin 

ASSP  ( _ ),  riminq  rod  (►— “h)  and  cloud  qun  slides  (•).  Samp  I 

were  taken  from  I AOO  -  1510  MST  on  10  Jan  1079- 


Hu*  concent  rat  ions  as  measured  h>  the  ifiS  were  !vri,lil  l\  .1  '  .1,  l.'i 
2-3  greater  than  those  measured  In  the  ASST.  The  first  esnlnna. ion  *oi 
this  discrepancy  appeared  to  he  that  there  were  losses  in  t  tie  wing  tunnel 
due  to  tuthulence.  After  the  comparison  with  riming  rod  data,  t'n  \ss>’  .-w 
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in  the  ra  I  cii  I  at  1  oe  .  "he  cloud  our  is  -ow  being  nod  i  t  i  ed  foi  f-e  l'i'°  S,' 
field  season  to  have  a  sampling  cross  section  duplicating  tnat  oi  the 
aircraft  system.  The  timing  mechanism  is  also  being  updated  to  nutcase 
its  accuracy;  the  timing  of  the  exposure  time  for  this  past  season  could 
not  take  into  account  small  variations  In  slide  passage  time  as  docs  the 
current  aircraft  system.  We  anticipate  that  the  discrepancy  between  t  '>,<  two 
instruments  will  be  resolved  in  the  coming  field  season  with  the  changes  m 
geometry  and  timing  and  insertion  o*  the  cloud  gun  in  the  tunnel  nest  tv-  the 
ASSP  rather  than  at  the  mouth  of  the  tunnel. 

c .  ASSP- FSSP  Comparisons 

The  ASSP  and  FSSP  were  positioned  toqethci  in  the  wind  tunnel  *. 1 
a  period  of  about  one  hour  (refer  to  Table  O.  figures  IP  through  12  show 
scattergrams  of  1  s  values,  relating  concent  rat i on .  mean  droplet  diameter, 
and  liquid  water  content  as  measured  by  the  ASSP  and  I'SSP.  figure  It  shows 
the  average  spectral  distribution  over  approximately  an  hour'-,  durat ion 
and  Figure  I  if  shows  a  portion  of  the  ASSP/FSSP  concent  rat  ions  and  liquid 
water  contents  over  a  time  period  of  v  2  min.  Figure  IP  shows  a  good 
linear  relationship  between  the  concent  rat  ions  as  measuied  b\  the  t  w  coho-., 
however,  the  concent  rat  ions  seen  by  the  ASSP  appeal  to  be  a  lav  tot  01 
three  higher  than  those  measured  by  the  FSSP.  The  mean  diameteis  as  shown 
in  Figure  II  show  the  ASSP  sensing  larger  diameteis  on  the  avciage  than 
the  FSSP.  The  source  of  this  discrepancy  becomes  obvious  when  looking 
at  Figure  13  where  the  FSSP  shows  much  higher  concent  rat  ions  in  the 
lower  diameters  than  does  the  ASSP.  The  cause  tor  this  negative  skewness 
is  not  fully  understood  but  a  strong  possibility  is  that  there  was  eithet 
an  internal  or  external  source  of  noise  which  was  picked  up  on  the  lowet  »  SSP 
channels.  This  discrepancy  will  be  resolved  during  the  next  field 
season.  The  liquid  water  content  (IWC)  as  measured  bv  the  t  wo  instiuments 
is  a  reflection  of  the  discrepancies  between  tbe  two  instruments  in 
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Figure  11  FSSP  versus  ASSP-measured  mean  diameters  t'oi  the  sample  set 
presented  in  Figure  10.  The  dashed  line  represents  the  best 
fit  to  the  data,  described  by  dfSsp  =  • c'^’  wi,h  *’ 

regression  coefficient  of  0.80. 
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'5H*re  14  Variation  with  time  of  (a)  ASST  droplet  concent  rat  ion 
(h)  FSSP  droplet  concentration  (cl  ASSP  liquid  water- 
content  and  (d)  FSSP  liquid  water  content.  Data  were 
taken  from  171845-172100  on  25  Hatch  1075. 


concentration  and  diameter.  The  ASSP  LWC  values  are  alrost  a  factor  of 
three  higher  than  the  FSSP  values.  Aside  from  the  difference  in  absolute 
magnitude,  Tigure  14  shows  that  both  instruments  appear  to  be  respond i rn 
to  the  same  changes  in  cloud  water  and  droplet  concentration,  insuring 
that  the  instruments  are  not  just  experiencing  random  fluctuations. 

The  factor  of  three  differences  in  concentration  remains  a  puzzle 
which  will  remain  a  point  of  speculation  until  the  next  field  season. 
Possible  causes  might  have  been  the  shifting  of  the  FSSP  sample  area,  01 
possibly  a  malfunction  of  the  FSSP.  The  latter  hypothesis  is  based  upon 
the  actual  failure  of  the  FSSP  near  the  end  of  the  field  season.  The 
real  answer  will  remain  unknown  as  there  was  a  misunderstanding 
with  PMS  when  the  probe  was  returned  with  the  outcome  that  the  FSSP  was 
modified  for  another  project  before  the  cause  of  the  failure  could  be 
ascerta i ned . 

d .  Studies  of  the  2D-C  probe  response 

Our  studies  of  the  2D-C  probe  undertaken  during  the  1979  field 
season  indicate  that  the  i ns t rument  un  d e  r  coun t s part i c 1 es  in  the  smaller 
size  channels  (midpoints  25  "  175  um) .  This  is  most  likely  due  to  the 
reduced  depth  of  field  (DOF)  in  those  channels;  however,  the  DOF  correc¬ 
tions  supplied  by  PMS  overcorrect  the  concentrations  in  these  channels. 

The  2D-C  probe  was  operated  in  the  wind  tunnel  at  the  Elk  Mountain 
Observatory  while  the  mountain  was  enveloped  in  a  cap  cloud.  Occasionally 
during  its  operation  (or  when  the  1D-C  probe  was  operated)  oil  coated 
glass  slides  were  exposed  in  the  wind  tunnel  near  the  probe,  yet  not  inter¬ 
fering  with  the  airflow.  Ice  particles  were  collected  on  these  sl'jes 
which  were  photographed  in  a  bath  of  cold  hexane.  These  photographs 
were  later  used  to  count  and  size  (in  20  pm  bins)  the  ice  particles.  Many 
of  the  oil-hexane  (0-H)  slides  were  overexposed;  the  crystals  which  were 
collected  tend  to  clump  together  and  make  counting  difficult. 

Only  one  0-H  slide,  exposed  on  3  March  1979,  was  suitable  for  a  com¬ 
parison  with  data  taken  simultaneously  with  the  2D-C  probe.  For  a  i  min 
average,  centered  around  the  0-H  exposure  time,  the  counts  per  channel 
from  the  2D-C  probe  were  compared  with  those  from  the  0-H  slide  (the  20 
pm  bins  had  been  mapped  into  25  pm  bins)  to  determine  a  "counting  effic- 
ency".  This  value  is  plotted  against  particle  size  in  Figure  15.  Also 
shown  are  the  counting  efficiencies  found  from  PMS'  DOF  values.  For 
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I  iquif  1  N  Count  int)  et't  ic  iency  plot  toil  .ui.iirixl  particle  diameter  I'or  .1  com- 
p.u  i  stui  between  ?P-C  Pint  Oil  data  collected  ."it  the  I  Ik  Mount  .1  i  it 
Observatory  16  March  1070  .it  I  U’ I  MST.  The  0-11  sliile  w.is 
exposed  lor  ?  >. ;  the  ?P-C  data  is  ,1  I  min  avorotio  centered  on 
the  0  II  expoMii  e  time.  The  method  lor  dei  ivinti  count  int)  et  I  i - 
ciency  is  exp  1 .1  i  nisi  in  the  text.  The  solid  line  represents  the 
count  in<i  ell  ic iency  predicted  hy  ('MS. 


■iK's  t  channels  the  probe  response  closelv  lesemhle.  that  piedwte.l  !>\  i‘Ms 
The  first  channel  (mean  diameter  25  nm)  appear-,  to  !'«•  subject  to  a  I. 
loss  of  DOF  tfian  predicted.  More  0-H  slide  lompai  isons  will  In-  n,'u-,-..in 
to  determine  it  this  overcount  i mi  tendencv  is  unique  lo  tfiis  sample  pi  a 
consistent  feature  (for  t  h  i  s  reason  we  have  not  ..aliulated  "etteitiw 
DOF's  for  the  .'D-C  as  we  have  done  for  t  fie  ID-t'i.  This  anali-.i-.  assumes 
that  the  probe  wiTT  either  detect  or  miss  entirel>  pai  tit  les,  depend i ny 
oil  t  fie  position  of  the  particle  within  the  beam;  possible  mi  s  i  .•  i  ny  of 
out-of-focus  particles  is  thus  not  considered. 

Our  comparisons  of  2D-C  data  with  0-H  slides  in  the  past  have  nrh 
cateJ  rfiat  t  fie  use  of  PMS 1  small  channel  collections  iesult  in  e\»essi\el' 
h  i  ah  ice  particle  counts  in  these  channels,  whKh  leads  to  extremelv  hint'  t>  tal 
concent  rat  ions  and  erroneous I v  small  mean  diameters.  We  have  been  ynaliz 
in  a  2D-C  probe  ilata  usiny  a  constant  DOF  (hi  mm),  which  vields  satisf.u 
torv  mean  diameters  and  concent  rat  ions . 

The  oriyin  of  the  under  count i ny  problem  was  further  invest iyated 
throuyh  the  use  of  a  movable  aperture.  This  device  could  be  affixed  lo 
the  20  C  or  10-C  probe  tips  and  provided  a  I  cm  wide  aperture  throuyh 
which  particles  could  pass.  This  openiny  could  be  moved  alouy  the  beam 
leiiyth  between  'lie  probe  tips  that  the  probe  response  t  o  partii  les  at 
different  po-  'ions  alony  t  he  lasei  beam  cnuM  be  examined. 

Tfiis  apertuie  was  used  to  invest iyate  tiow  differences  in  pcot>e  <  <••• 
ponst*  alony  the  beam  leiiyth  contributed  to  the  oveiall  i  espouse.  Sexei.il 
experiments  were  conducted  in  which  ylass  beads  ot  known  size  <  anyes  ueie 
passed  throuyh  the  aperture.  Pearls  of  2V  T5  pm  diameter  weir  not  iviis  f  <sl 
bv  the  instrument  at  all,  even  at  the  final  plain-  ot  the  defe.toi  lens.  In 
part  this  is  due  to  the  fact  that  (tie  clockiny  late  toi  these  tests  was 
Iciw  (to  match  t fit*  low  particle  veloi i t ies) ;  at  hiyhei  velo>  it  ies  at  lea-.t 
a  blank  frame  is  expected  fot  these  particle  sizes.  Other  bead  sizes  used 
wei  e  100- I  10  nm  (peak  diameter  100  pm  with  '  '  >0?-  ot  t  he  beads  w  i  t  h  i  n  the  ''0  I  10 
Vim  bin),  and  250*300  pm  (peak  diameter  2S0  pm  with  '  bSt  of  the  beads  in  the 
230-200  tnn  bins).  Some  beads  were  captured  on  ylass  slide's,  then  phot  oyi  apfied 
and  sized  in  the  same  manner  as  the  0-H  slides.  5  vacuum  ile.ntri  wa-.  at  t  .wired 
to  One  end  ot  the  nrovab  I  e  apertuie  in  order  to  "mk  k"  t  tie  I'ead-.  throno1' 

As  head-.  we  l  e  sampled  tulttiei  .lw.l\  t  ■  •>'  t  he  i enter  point  ol  t  he  1 
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beam,  t  in*  head  i  mages  (see  figures  I  ('  I/)  wfio  v.  I  i  i|h  t  I  y  larger  and 

li.ul  "donut  holes"  in  their  centers.  Ihese  holes  were  r.ne  when  heads 
were  sampled  near  the  center  point  of  t hi-  beam.  It  could  not  he  deter¬ 
mined  I i om  these  tests  whether  or  not  the  probe  unde rcnunt ed  heads  in  the 
small oi  sice  channels  as  the  aperture  moved  away  from  the  center  point, 
lot  the  100-110  nm  heads  there  was  appatent)\  some  noise  in  l  lie  smaller 
charnels  which  did  not  change  with  ditlereni  aperture  positions,  and  for 
the  .'SO  300  inn  heads  lew  particles  were  seen  in  those  channels  tor  any 
aperture  position.  However,  the  peak  channels  d i d  shift  to  larger  sices 
as  the  apertuie  moved  away  from  the  center  point  (F inure  18).  This  el  fee 
was  more  pronounced  for  the  smaller  sice  range  of  heads.  Still,  for  most 
aperture  positions  the  2D’-C  image  sices  were  in  reasonable  agreement 
with  the  mean  diameter  measured  from  the  0-H  slides. 

Aperture  studies  conducted  in  the  wind  tunnel  were  more  conclusive. 

In  these  studies,  the  2D-C  prohe  was  mounted  in  the  wind  tunnel  and  the 
movable  aperture  attached;  it  was  manually  moved  to  the  different  pos i - 
t  ions  at  intervals  ol  several  minutes.  Counting  etficiences  were  deter¬ 
mined  by  comparing  concent  rat  ions  per  channel  for  aperture  positions  away 
I t om  the  center  point  to  those  measured  at  the  center  point.  The  large 
ends  ot  the  sice  distributions  (sices  •  200  nm)  were  matched  graphi- 
icallv  to  adjust  lor  any  differences  in  total  particle  concent  rat  ions . 
Since  the  total  time  durations  ol  testing  were  short  (less  than  about  2.0 
mini  the  sice  d i s t r i but  ions  were  reasonably  constant. 

1  he  results  ol  the  study  are  plotted  in  figure  Id.  Channels  2-k  (mean 
sice  SO- 1 00  tun)  show  the  gieatest  DOT  effect.  Counting  efficiencies  for 
•  best>  channels  decrease  s  i  gn i f i can t 1 y  as  the  aperture  distance  from  the 
centei  point  increases.  loi  example,  lot  the  second  channel  (mean  diamet 
SO  nm)  the  counting  efficiency  at  I  cm  1 1  om  the  laser  end  was  while 

next  to  the  lasei  end  it  was  12'.,  these  values  tor  I  cm  t  com  the  detector 
end  w.'te  .M  l/  and  near  the  detector  end  weie  I  7  -  2 '  .  Hie  eltect  on  the 
lit  .t  >  flannel  fmean  sice  .’S  ;,ml  is  not  as  gi  eat  ;  i  omit  i  ng  et  t  i  c  ienc  i  es  were 
1 1'  hi. liter  than  those  ol  (tie  second  ihannel  (tanging  I  tom  and 

i  ru  i  eas  i  ii<i  tm  liter  from  the  centei  point). 

Ilie  lesponse  ol  tlu>  20  C  pi  ohe  at  sices  -  100  inn  is  close  to  the  CMS 
’•pec 1  •  f  i  ‘  at  i  ons  .  I  he  .  oun  t  i  ng  e  t  t  i  c  i  eiu  i  es  t  ii  i  the  I  i  i  s  t  t  wo  chan  no  I  s 
(in  dpo  i  nt  s  2S  and  SO  imi)  ai  e  somewhat  liighei  than  tfiose  given  bv  PMS.  At 
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Figure  16  2D-C  images  of  100-110  pm  glass  beads  recorded  on  2  April 
1979  at  the  Elk  Mountain  Observatory.  Elongation  of  images  is  due 
to  timing  differences  with  the  2D-C  DAS  clock.  Mobile  aperture  posi¬ 
tions  are  (a)  i  2  cm  toward  laser  side  from  center  point  of  probe 
aperture,  (b)  'v  1.4  cm  toward  laser  side  and  (c)  m  0.8  cm  toward 
laser  (d)  at  center  point  (e)  %  0.8  cm  toward  detector  and  (f)  v  1.1* 
cm  toward  detector 
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Figure  17  2D-C  images  of  250-300  um  glass  beads  recorded  on  2  April  1979  at  the 
Elk  Mountain  Observatory.  Elongation  of  images  is  due  to  timing 
differences  with  the  2D-C  DAS  clock.  Mobile  aperture  positions  ate 

(a)  v  2  cm  toward  laser  side  from  center  point  of  probe  aperture 

(b)  at  center  point  and  (c)  v 2  cm  toward  detector. 
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Figure  1 8  Peak  poetic  If  si/e  measured  by  the  2D-C  probe  plotted  .ni.iin-.  i 
distance  From  center  point  of  probe  aperture.  The  solid  and  d.i>.hed 
line  intervals  represent  different  sets  ot  samples.  The  peak  s i /os 
for  the  two  sets  of  heads  were  lOOi.niand  260  run,  shown  by  hot  i/ontal 
dashed  lines,  with  '  SO-'  ot  the  samples  within  the  shaded  i  onions 
Data  was  collected  on  b  April  I07‘)  at  the  Ilk  Mountain  Obset  va  ( oi  \  . 
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Fiqure  19  2D-C  counting  efficiency  plotted  against  diameter  for  wind  tunnel 
tests  using  the  movable  aperture.  (a)  movable  aperture  at  laser 
edge  and  1  cm  from  laser  edge  of  probe  aperture, (b)  aperture  at 
detector  edge,  (c)  aperture  1  cm  from  detector  edge,  and  (d) sche¬ 
matic  of  movable  aperture  positions.  Data  was  collected  during 
the  dates  and  times  specified. 


this  point  this  cannot  be  satisfactorily  explained;  it  could  be  due  to 
mi s-s i z i mi  of  larger  particles,  light  refraction  or  omer  noise. 

With  more  0-H  comparisons,  "effective"  depths  of  field  could  he 
determined  for  the  2D-C  probe.  These  would  be  used  in  data  analysis  to 
find  the  true  ice  particle  spectrum  from  the  measured  spectrum.  At  pre¬ 
sent  we  will  continue  to  use  constant  depth  of  field  of  hi  mm  t limited 
by  the  probe  aperture) . 

The  2D-C  probe  data  shows  counts  in  the  smaller  channels  (sizes 
<  100  urn)  for  both  the  bead  sizes  (100-110  pm  and  250*300  pm  beads),  but 
there  is  up  to  notv  no  real  proot  that  these  are  real  and  not  noise  or 
mis-sized  counts.  The  probe  did  not  detect  2 5- 35  pm  beads  at  any  point 
along  the  laser  beam  for  the  speeds  used;  while  1 00- 1  1 0  pm  beads  were 
detected  along  the  entire  beam  length.  Unfortunately  beads  in  the  range 
between  35*100  pm  d  iameter  s  were  not  available  during  test  ing.  Whether 
the  probe  detects  small  (<  10  pm)  ice  particles,  and  with  what  effi¬ 
ciencies,  is  a  crucial  problem,  and  we  intend  to  focus  much  of  out  1980 
field  work  to  finding  an  answer  to  this. 

e.  Studies  of  the  ID-C  probe  response 

The  results  of  our  investigations  of  the  ID-C  probe  are  in  many 
ways  similar  to  those  obtained  from  the  2D-C  probe  studies.  The  probe 
undercounts  particles  in  the  smaller  channels,  due  to  decreased  DOI's  for 
these  sizes  lAO  pm).  The  re  a  Iso  appears  to  be  an  undercounting  problem 
in  the  larger  channels  ('>  2*40  pm). 

Eleven  0-H  slides  were  available  for  comparison  with  1 D- C  data. 

As  for  the  2D-C  -  0-H  comparison,  the  ID-C  data  was  a  I  min  average  around 
the  time  of  the  0-H  slide  exposure  time  (usually  2-10  s).  Counts  per 
channel  were  compared  in  order  to  determine  counting  efficiencies.  The 
results  are  plotted  in  Figure  20.  PMS  includes  a  "sample  probability"  for 
the  first  three  channels.  This  is  a  theoretical  value,  ranging  from  ? 

i 

for  the  first  channel  to  89%  for  the  third  and  describes  the  probability 
that  a  particle  in  that  size  range  is  correctly  detected.  The  predicted 
counting  efficiencies  with  and  without  this  factor  are  also  plotted  in 
Figure  20.  The  general  shape  of  the  data  curve  agrees  well  with  the  PMS 
values,  but  it  does  appear  that  the  counting  efficiencies  are  higher  in 
the  low  channels  than  those  given  by  PMS.  The  data  seem  to  match  most 
closely  the  curve  obtained  by  excluding  the  sampling  probability.  In 
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Figure  20  Counting  efficiency  plotted  against  ice  particle  diameter 
for  1D-C  data  (o)  and  those  predicted  by  PMS'  depth  of 

field  values  ( -  and  - ).  ID-C  data  is  based  on 

II  0-H  slide  comparisons;  means  and  standard  deviations 
are  shown.  The  data  were  collected  on  1 6 .  17  and  25  March 
at  the  Elk  Mountain  Observatory. 
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addition,  the  higher  channels  (sizes  2*40  inn)  undercount  particles.  'he 
reason  for  tit  is  undercounting  is  not  understood. 

In  determining  the  mean  size  of  the  sampled  beads,  and  ot  he  par'i 
cles  sampled  in  the  wind  tunnel,  the  DOF’s  supplied  hv  PMS  were  u-.ed 
without  inclusion  of  the  sample  probabilities,  even  though  the  2-H 
comparison  data  suggest  that  these  values  mav  be  slightly  small.  However 
as  shown  in  Figures  21  and  22,  they  yield  the  best  agreement  between  mean 
diameters  and  their  dispersions  as  determined  from  the  0-H  slides.  Using 
a  constant  DOF  gives  mean  diameters  too  large  and  dispersion  coefficient' 
too  small;  including  the  sample  probabilities  in  the  DOF's  give  diameters 
too  small  and  dispersions  too  large.  The  shapes  of  the  spectra  obtained 
from  using  the  PMS  DOF's  match  most  closely  those  from  tne  0-H  data  tsee 
F i gure  23'  • 

In  a  manner  similar  to  that  used  from  the  2D-C  probe,  the  response 
of  the  ID-C  probe  was  examined  using  the  mobile  aperture  and  glass  bead-  . 
The  same  size  ranges  of  beads  were  used  as  in  the  2D- f  tests,  except  when 
the  beads  were  sized  by  hand  on  I y  those  beads  witti  diameters  less  than 
110  :.<*•  were  included.  (The  2  5~  3  5  pm  beads  were  not  available  'ot  these 
tests 

The  'tean  diameters  of  the  sampled  beads  as  measuied  t>\  the  ID-i  probe 
are  plotted  against  distance  from  the  center  point  of  the  laser  beam  n 
Figure  24.  There  is  a  notable  increase  in  measured  mean  diameter  as  the 
aperture  moves  away  from  the  center  point,  and,  as  for  the  2D-C  ,  this  i- 
more  pronounced  for  the  smaller  glass  beads.  The  ID-C  probe  response  to 
the  larger  beads  is  nearly  constant  for  all  aperture  positions,  exce  : 
for  the  undersizing  that  seems  to  be  occurring  at  the  center  point  ot 
the  beam.  The  ID-C  mean  diameters  are  in  good  agreement  with  those  mea¬ 
sured  for  the  beads  for  most  aperture  positions. 

Counting  efficiencies  for  each  channel  were  also  determined  tor  the 
bead  tests.  Counts  per  channel  for  aperture  positions  awav  from  the 
center  point  were  "normalized"  to  those  measured  at  the  cento*  point  bv 
comparing  the  total  concent  rat  ion  of  counts  for  sizes  1 80  ,.m  and  huge' 
(these  channels  did  not  appear  to  he  affected  by  changes  in  aperture 
position),  and  adjusting  the  remaindet  of  the  spectrum  uccordiug!\  hie 
counting  efficiencies  for  the  smaller  channels  were  then  der  i ved  .  I  ig- 
ure  25  shows  the  results  of  these  calculat  ions .  Channels  2-4  p-ioa"  .i/e 
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ID-C  DISPERSION  COEFFICIENT  (<r/d) 


CONCENTRATION  (JL  Vm 


10.0 


oooooo  CONSTANT  DOF 

- RMS'  DOF 

-  RMS'  SA 


Fi.iino  1  Coih  i-ni  r.it  ion  plotted  against  ice  particle  diameter  for  0-H  and 
iD-f  data  token  .it  Flk  Mountain  Ohservatorv  .it  00  1  1  MST  17  Mar  1970.  0-H 

-lide  was  exposed  tor  10  s,  the  1D-C  data  is  a  1  min  average  taken  around 
the  0-11  exposure  time.  The  different  ID-f  DOF's  used  are  shown  in  the 
d  i  a.jram. 


259.0  ±  26.2 


DISTANCE  FROM  CENTER  OF  BEAM  (cm) 


LASER 


DETECTOR 


Figure  2k  Mean  bead  d i amet e r ( as t andard  deviation)  plotted  against 
distance  from  the  center  point,  from  the  glass  bead  tests 
using  the  movable  aperture.  Data  collected  at  the  Ilk 
Mountain  Observatory  on  k  April  )97Q.  True  mean  dia¬ 
meters  and  their  standard  deviations  are  shown  by  shadim 
the  solid  line  represents  the  trend  of  the  data. 
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40-80  itm)  .ire  those  most  affected  by  changes  in  the  aperture  position. 

Count  i  mi  efficiencies  for  the  first  ch.tnnel  (mean  size  20  i.rn)  remain 
fairly  high  (')O- 1 for  all  positions.  flu*  counting  efficiencies  lot 
the  second  through  fourth  channel  are  those  most  affected  by  changes  in 
the  aperture  position;  for  example,  the  counting  efficiencies  tor  the 
third  channel  (mean  size  60  tint)  range  from  k?-l06'.  when  the  aperture  is 
1*5  mm  from  the  center  point,  to  1.3  -  7.9'!  when  the  aperture  is  II  -M 
mm  from  the  centei  point. 

Aperture  tests  were  also  conducted  in  the  wind  tunnel,  where  ice  ovv 
tals  and  blowing  snow  particles  were  sampled.  I  be  ID-C  pi  obe  was  opeiated 
with  the  movable  aperture,  and  the  2D-C  was  run  alongside  to  monitor  the 
size  distributions  of  ice  particles  in  the  cloud.  These  tests  were  per¬ 
formed  on  several  days  (see  Table  I).  Counts  per  channel  were  recorded  tor 
the  different  aperture  positions,  and  comparer!  to  those  recorded  for  t  lie 
aperture  at  the  center  point.  The  concent  rat  ions  per  channel  were  adjusted 
for  changes  in  the  total  cloud  ice  particle  concentration  (as  measured  by 
the  2D-C  probe)  before  counting  efficiencies  were  determined;  the  shape 
of  the  size  distribution  did  remain  nearly  constant. 

The  counting  efficiencies  obtained  from  the  wind  tunnel  tests  were 
higher  than  those  from  the  glass  bead  tests  yet  they  display  the  same 
tendencies  (see  figure  26).  As  the  aperture  moves  from  the  centei  point 
of  the  probe  aperture  the  counting  efficiency  of  channels  2-f>  decreased 
significantly,  while  that  of  the  first  channel  remains  fairly  high.  The 
counting  efficiencies  from  the  glass  bead  tests  were  fairly  svmnet i ii  ihog- 
t lie  center  point  of  the  laser  beam.  For  these  wind  tunnel  tests 
degree  of  asymmetry  about  the  center  point  is  observed;  the  actual  opti¬ 
cal  center  point  may  be  displaced  slightly  toward  the  laser  side  o!  the 
probe  aperture.  Recall  that  the  overall  effect  (as  shown  in  I igure  lO 
observed  was  that  the  probe  undercounted  in  higher  channels.  Ibis  is 
the  case  for  the  aperture  position  about  2  cm  t mm  the  renter  point  on 
either  side,  however,  at  the  extreme  edges  the  probe  ovei counts.  II  inis 
overcounting  occurs  only  at  the  extreme  ends  of  t  In1  laser  beam,  tor  a 
small  fraction  of  its  entire  length,  these  results  aie  not  neiessaiils 
inconsistent  with  the  overall  results.  The  average  taken  over  I  lie  entile 
beam  length  could  still  result  in  undercount  i ng . 
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The  total  ice  particle  concentrat .ions  measured  by  (be  ID-C  pi  oho  ore 
about  25"  lower  than  those  measured  simultaneously  by  the  2D-C  probe  i!,m 
particle  sice  300  uni  only).  The  undercount  inn  observed  i  n  the  hi.i''<-' 
channels  of  the  1 D- C  probe  may  account  for  tin's.  In  the  lower  channel  - 
where  the  undercount  inn  is  due  to  part  icle.,  Deinq  out  ot  the  dopvi  .>( 
f  ield,  the  PMS  corrections  for  small  particle  sices  which  were  used  a.  i 
ually  overcorrect  slightly  for  concent  rat  ion . 

Knollenberg  (1975)  has  determined  a  set  of  relations  between  measured 
versus  actual  crystal  size  for  various  ice  crystal  types  sampled  by  the 
1 D - C  probe.  The  correction  of  11  ice  (large  and  small  irregular  snow)  has 
been  applied  to  the  ID-C  data  set  for  compar i son  with  0-H  and  2D-C  data. 

The  results  are  closer  agreement  in  mean  diameters  (see  Figure  27)  and 
in  the  shape  of  the  particle  spectra  (see  Figures  28  and  29).  These 
corrections  particularly  improve  the  larger  end  of  the  spectrum,  where 
it  appears  that  the  1 0 - C  probe  is  undercount i ng . 

The  depth  of  fields  for  the  ID-C  probe  are  listed  in  Table  2.  This 
table  includes  PMS'  depth  of  fields-  with  and  without  the  "sampling  pro¬ 
bability"-  and  those  calculated  from  the  counting  efficiencies  found  from 
ID-C  -  0-H  data  comparison.  Those  DOF’s  found  for  lower  channels  (  l80 

pm)  are  smaller  than  the  PMS  values,  however,  those  for  larger  channels 
(\,  2k0  pm)  are  generally  larger.  It  is  our  intention  to  verify  the  con¬ 
sistency  of  these  values  during  the  1980  field  season. 

The  undercounting  of  particles  in  small  size  ranges  (•-  100  pm)  for 
the  ID-C  probe  can  be  explained  as  being  due  to  the  reduced  DOF’s  in 
these  lower  channels.  The  quoted  DOF's  actual ly  si  ujht  ly  overcorrec!  for 
concent  rat  ions  in  these  channels. 

As  for  the  20-C  probe,  however,  we  cannot  he  sure  that  these  counts 
are  real.  During  the  glass  bead  tests  on  the  ID-C  probe  using  the  movable 
aperture  reductions  in  particle  counts  in  the  small  channels  were  not  noted 
as  the  aperture  was  moved  from  the  center  point  of  the  beam.  This  was  not 
observed  in  the  2D-C  probe  data;  counts  in  the  first  three  channels  remained 
nearly  constant  at  all  aperture  positions.  The  reduction  in  count-,  is  e\pe.  t. 
it  the  DOF'-,  we  re  indeed  smaller  for  those  channels.  This  support'-  the 
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2D-C  OR  0-H  MEAN  DIAMETER  (/im) 


I  iqure  7 }  ID-L  mean  diameter  plot  toil  against  0-H  (triangles)  or  2D~C 
(circles)  mean  diameter.  Data  lot  uncorrected  closed  symbols)  and 
collected  (Knol I enbei g ,  1075)  as  "irregular  snow"  (open  symbols) 
are  indicated.  0-H  data  were  2-10  s  exposures;  ID-C  comparisons  art 
I  min  avei  ages  taken  around  t  In'  0-H  exposure  times;  1D-C  -  2D-1'  com- 
paiisons  ate  30  s  aveiages. 
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Fiqure  29  Concentration  plotted  aqainst  ice  particle  diameter  for  data 
collected  at  the  Elk  Mountain  Observatory  at  1020  MST  on  17  March  1979- 

ID-C  data  uncorrected  ( - )  and  corrected  (ooooo)as " i  rregul ar  snow" 

(Knol lenberq,  1975)  and  cor  respond i nq  0*H  ( - )  data  are  shown.  The 

0-H  slide  was  exposed  for  10  s;  the  ID-C  data  are  a  1  min  averaqe  taken 
around  the  0-H  exposure  time. 


TABLE  2  Depth  ot'  Field  vs.  Diameter 
TMS  ID-C  Probe  Model  0AP-200X 
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Figure  W  Concentration  plnt'ed  anoi'M  diameter  toi  ice  p,n  i  u  li". 

sampled  by  the  ?D-f  pi  oho  f  i  on  I  1*  I  4600-  I  !t  I  h.'°t  MST  on  !i 
March  H7°>.  This  sample  tort  esponds  to  t  tie  A'iSh  data 
pr  esen  t  ed  in  Fi  ijin  e  TO  ,  T!ie  ice  particle  i  oni  en  t  t  a  t  i  o  i 
as  neasui  rd  by  t  tie  .’DC  piohe  i%as  •’» .  T  the  nea  i 

diameter  was  11*8.1  n. 
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1  inure  3}  Concent  rat  inn  plotted  anainst  diametei  tot  lit'  pat  titles 
sampled  t'y  the  2  D  -  C  probe  from  I  3*1030"  I  320rel  .m  It  Apt  i  I  lO/A,  T'i  i  s 
sample  corresponds  to  the  FSSP  data  presented  in  f  nime  31.  1 ‘'o  | 

ice  particle  concent  rat  ion  measu'od  bv  the  2P-C  probe  was  101  •  , 

the  mean  diametei  was  I5S.6  iim. 
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In  the  presence  of  ice  particles,  the  S S P  spectra  show  i  1 at  .)  i  - 
butions  of  counts  in  all  channels.  When  no  cloud  droplets  were  present, 
counts  are  seen  in  all  channels,  and  concentrations  are  unite  low  (.but 
do  not  correspond  to  the  true  ice  particle  concent  rat  ions 1 .  In  mixed 
clouds,  the  droplet  "spike"  is  superimposed  upon  this  backgound  of  counts 
Several  examples  of  this  are  shown  in  Figures  34-36-  The  1 D - C ,  ASSP  and 
cloud  gun  spectra  are  graphed  on  the  same  scale.  The  flat  distributions 
in  the  higher  channels  are  clearly  distinguished  from  the  droplet  spectra 
It  is  important  to  note  that  these  flat  distributions,  presumably  result¬ 
ing  from  ice  particles,  are  not  seen  in  all-water  clouds. 

The  three  spectra  shown  represent  widely  vary  inn  ice  particle  concen¬ 
trations  as  measured  by  the  1D-C  probe:  I.S,  43,  and  190  ’  .  a  vnria 

tion  of  two  orders  of  magnitude.  (The  corresponding  droplet  concent ra- 
t  ions  change  by  200'!'.,  they  are:  293,  116.  and  372  cm  as  measured 
hv  the  ASSP).  The  flat  "tails"  of  the  ASSP  spectra  change  almost  exact 1\ 
in  p  ro  po  r  t  i  o  n  wi  t  h  the  ice  particle  concert  t  rat  ions  .  Thus,  it  apnears  to 
he  quite  clear  that  the  flat  distributions  in  the  ASSP  data  are  associate 
more  closely  with  the  concentrations  of  ice  particles  than  with  the-..-  o< 
cloud  droplets. 

Similar  observations  have  been  documented  tor  the  • ssi  ,  •  si  ,  .  i  : 
presence  ot  ice  part  iclcs,  a  f  lut  d  i  s  t  r  i  lui  t  ion  ot  par  t  i  c  I  e  ,oi>'  "vr  .u 

the  whole  range  of  the  instrument,  with  a  superimposed  droplet  "spike". 

In  the  presence  of  the  ice  particles,  the  ASSP  and  I SSP  cloud  droplet 
probes  experience  counts  distributed  fairly  evenly  over  the  entire  sampl¬ 
ing  range.  These  counts  do  not  exhibit  a  one-to-one  correspondence  with 
ice  particle  concentrations  as  measured  by  the  ID-C  probe;  sizes  and  con¬ 
centrations  are  not  correctly  measured.  It  nay  he  that  each  ice  particle 
passing  through  the  ASSP  or  FSSP  laser  beam  results  in  several  counts. 
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A  l'ivmjI  can  produce  unit'  Mum  .1  single  pulse  il  its  si.-e  .-m  eeds  1  limi 
td^  )  which  is  dependent  on  ait  velocity  MAS)  .iiul  (ho  1  esel  time  <>1  :  lit* 
"strobe  and  reset"  circuitry  f\l)  .1  =  l  I' AS  1  \  i.\t  )  .  Ihis  i  ce  I  i  •••  1  »  > 
tor  TAS  -  AS  ms  ~  ^  and  At  -  S  ms,  d^  -  IAS  urn;  lot  IAS  -  8d  ms  '  and  t 
-j  ms,  d  ^  =  ’*00  pm.  for  the  data  on  hand  these  limit-,  wen*  ext  ceded  t  *  x 
many  crystals.  However,  since  the  number  ot  "talse"  pulses  in  many  1  ones 
the  number  of  crystals,  it  appears  that  unusual  pulse  shapes  produced  by 
scattering  from  crystals  can  result  it*  multiple  counts  I  rum  each  crystal, 
in  a  way  not  now  understood.  However,  these  Mat  distributions  its*  i  I 
distinguished  from  the  spectra  obtained  I ront  the  cloud  droplets  at  least 
when  a  broad  distribution  of  cloud  droplets  is  not  encountered  simultan 
eous I y . 


5.  SUMMARY  AND  CONCLUSIONS 


From  the  studio*  U  i  sc.usv.ed  in  this  report  we  con  derive  the  following 
preliminary  conclusions  concerning  measuromen  t  s  of  cloud  particle  spectra: 

1.  The  measured  sample  area  of  the  ASSP  was  found  to  be  0.35  nut/  com- 

2 

pared  to  the  PMS  value  ot  0.32  min*"  and  the  velocity  reject  percentage  wa 
68,.  compared  to  b22.  given  by  PMS. 

2.  CGS  and  ASSP  measured  droplet  spectra  are  in  fairly  close  agree¬ 
ment,  however,  we  suspect  a  sampling  problem  with  the  CGS  as  hinted  at 
by  the  persistently  high  droplet  concentrations  it  gives. 

3.  The  response  of  the  2D-C  probe  at  sizes  -  100  pm  is  close  to  the 
PMS  specifications,  while  counting  efficiencies  in  the  lower  channels 

are  somewhat  higher  than  expected.  There  is  as  yet,  however,  no  proof  that 
the  counts  in  these  low  channels  are  correctly  interpreted. 

'*.  The  measured  diameters  of  particles  increase  for  particles 
further  from  the  focal  plane  of  the  detector  optics  of  the  2D-C 
and  ID-C  probes.  The  overall  effect  of  this  is  a  slight  oversizing  of 
particles,  '■  at  sizes  near  100  gm,  •  102.  near  250  «m. 

5.  The  ID-C  probe  undercounts  particles  in  the  lower  channels  (•  1  1*0 
i.m)  duo  to  decreased  depths  of  field  for  these  small  sizes.  The  depth 

ot  field  corrections  specified  by  PMS  slightly  overcorrect  for  this 
effect.  The  ID-C  probe  also  appears  to  undercount  in  higher  channels 
t’  1 8o  ,.m)  and  it  is  not  known  at  this  time  whether  this  is  due  to  mis- 
si/inu  or  particle  rejection. 

6.  The  ASSP  and  TSSP  probes  respond  to  ice  par t i c I  os w  i  t  h  a  nearly  uni¬ 
form  distribution  of  counts  in  all  size  channels.  This  flat  spect rum  i  s  super¬ 
imposed  on  any  leal  droplet  spectrum  which  may  be  present.  The  false  counts 
.lie  I. n  tors  nl  <00  to  5000  higher  than  t  hi-  actual  concent  rat  ions  of  ice  par  ti¬ 
tles;  the  dependence  ot  this  factor  on  crystal  type  is  not  yet  known. 

The  results  .  >  I  >  t .  lined  under  this  contract  suggest  several  topics  foi 
study  iluiiirg  the  1 ‘)80  field  season.  These  include: 

I.  Continuing  bench  determinations  of  depth  of  field  (i'll  the  TSST 
and  ASSP  and  velocity  reject  percentage  tor  the  ASSP  in  ordei  to  detect 
possible  drills  in  these  values  with  time. 

S'* 


2.  Development  and  testing  ol  .in  improved  doud  .pin  droplet  ..mpi.-i 
This  will  he  fashioned  otter  the  one  cuiienlly  used  in  .mi  Oueen  A  i  i 
reseat  eh  aiiciatt  which  has  been  .hown  to  pive  so  t  i  s  t  .ic  t  m  v  droplet  -,pe. 
t  to . 

3.  Laboratory  and  wind  tunnel  ot'servo t  ions  ot  the  mil  m-  shape.  ol 
the  ASSP  and  FSSI’,  and  comparison  of  tlieii  dioplct  spei  t  ra  with  those 
from  the  cloud  pun. 

A .  Gloss  bead  and  water  droplet  tests  on  the  10-li  and  ?  D  - 1  piobes 
to  determine  the  depths  of  field  and  count  i  mi  ell  idem  ies  in  the  lowei 
channels  (■  100  urn). 

5.  Further  studies  involving  the  2D-C  probe  in  comparison  with 
data  from  impaction  slides  and  the  ID-G  probe  in  ordei  to  more  clo.eK 
study  tlie  response  of  ths  probe  to  ice  pat  tides  throughout  its  ent  iie 
s i /e  spec  t  rum. 

6.  Interpretation  of  the  2D-C  depotar i/at  ion  data  collected  durinp 
the  1979  field  season.  Furthei  studies  ol  the  2D-C  depot ar i /at  ion  sipn,.i 
for  different  types  of  ice  pai  tides  are  also  planned. 

7.  Investigation  ot  the  apparent  undercount i ng  ot  the  IP  i  probe  in 
the  higher  channels  (v  |80  v>m)  . 

8.  Explanation  of  the  observed  response  of  the  ASSF'  and  fSSD  piobes 
to  i ce  part i c I es . 
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